ABSTRACT
INTRODUCTION
Mycobacterium is a genus of Actinobacteria that includes pathogens known to cause serious and infectious disease. The worldwide problem caused by tuberculosis (TB) is an emergence of multi drug resistance and the lack of significant prophylaxis. The current prolonged treatment regime urgent the need for the search of new and safe anti TB drugs (1) . Screening of microbial products is an important route for the discovery of antibiotics. Actinomycetes are high G+C content; common soil inhabitants capable to produce a vast array of clinically useful antibiotics (2) . As the frequency of novel bioactive compounds discovered from terrestrial actinomycetes decreases with time, the screening process is switched over extreme environment microorganisms for their genetic and chemical diversity. Microbiological studies of glaciers were initiated in the 1960s and all work was focused on studies on the distribution of microorganisms. Azalomycin B, nigericin and non-polyenic macrolide antibiotic composed from two components that inhibited the growth of Grampositive bacteria, yeast and fungi were isolated from psychrophilic Streptomyces sp (3) . Most of the antibiotics have been discovered exclusively from moderate temperature but never at low temperature. The discovery of inhabited extreme environments organisms will give new pathways for drug discovery. Studies on low-temperature J. Microbiol. Biotech. Res., 2017, 7 (5):1-10 ____________________________________________________________________________ 2 limits for microbial life (4) are important in cryogenic systems for frozen microbial fossils or living microbial communities and thus preserve many undiscovered bio active compounds. Actinomycetes are the main source of clinically important antibiotics making three-quarters of all known products (5) . Streptomycin, the first antibiotic remedy for tuberculosis, was first isolated from Streptomyces griseus in 1943. Chloramphenicol, a broad spectrum antibiotic was originally isolated from the soil microbe Streptomyces venezuelae in 1947. In contrast to Streptomyces, isolation of diverse rare actinomycetes by developing simple selective isolation methods favors the discovery of novel antibiotic producers. Non-streptomyces is non taxonomic term defined as slow growing actinomycetes other than Streptomyces sp (6) which require normally non-conventional enriched procedure for isolation (7) . Rare actinomycetes frequency is much lower than that of Streptomycete strains by conventional methods. Pretreatments of soil by drying and heating stimulated the isolation of rare actinomycetes (8) . Hayakawa (9) reported that Selective isolation of sporulating actinomycetes is done by the use of chemo attractants xylose, chloride, γ-collidine, bromide and vanillin. Treatment of soil suspension with sodium dodecyl sulphate (SDS) and yeast extract increases the count of actinomycete colony forming unit (cfu's) and decreases the count of the contaminating microbes. A previous study shows that the selective isolation of genera Herbidospora, Microbispora, Microtetraspora and Streptosporangium were recovered by chloramine treatment of soil suspensions. Chlorination is known to suppress growth of contaminant bacteria and promotes the growth of these rare microbes when plated on humic acid-vitamin enriched media (10) .
In this study, we performed the selective isolation method such as sucrose gradient centrifugation to isolate rare novel actinomycetes capable to produce antimycobacterial metabolites from the cryophilic region. Soil samples are treated with phosphate buffer to liberate zoospores. Streptomycetes and other non-motile actinomycetes are eliminated by centrifugation that facilitates selective isolation of motile actinomycetes, which are thereby retained in the supernatant and can be spread on appropriate medium containing nalidixic acid.
MATERIALS AND METHODS

Isolation of actinomycetes from glacier soil sample
The soil samples were collected from the ice point of Rothang Hill, Himachal Predesh at four different directions between 100-meter distances in a sterile container during December 2010. About ten-gram air dried soil samples were used for isolation.
Conventional method (11) About 1 g of air dried soil sample was serially diluted up to 10 -9 by phosphate buffer. One ml of 10 -6 was poured on sterile plates and overlaid with Actinomycetes isolation agar. All the plates were incubated at 28±2° C for 15 days.
Sucrose gradient centrifugation
The soil sample was pre heated at 65° C for 15 minutes and then serially diluted up to 10 -9 with normal saline. About one ml of 10 -6 sample was overlayered with two ml of 0.25, 0.5, 0.75, and 1M sucrose solution in a conical bottom tube and centrifuged at 10,000 RPM for 30 minutes. The aqueous phase at different concentration were poured on sterile plates and overlaid with Actinomycetes isolation agar supplemented with cycloheximide. All the plates were incubated at 28 ± 2° C for 15 days. (12) Suspected actinomycetes colonies are purified on Starch casein nitrate agar supplemented with cyclohexamide and identified based on spore and mycelium by slide culture method followed by Sudan black staining. Morphology was observed by using a Nikon light photo microscope.
Identification of isolated Actinomycetes
Fermentation for metabolite production
About 1000 ml of International Streptomyces project medium 4 (ISP 4) were prepared and sterilized. The isolated organisms were inoculated on the ISP 4 fermentation medium and incubated at 28 ± 2° C for 7 days under 200 rpm. Cell free culture filtrate was obtained by Nitro cellulose filter filtration followed by centrifugation.
Preliminary screening of antimycobacterial effect of actinomycetes
The 0.5Mcfarland turbidity of test organism M. smegmatis (MTCC 300) and M. tuberculosis H37Ra (MTCC 6) was swabbed over the Dubos oleic albumin agar surface and allowed for 20 minutes. The seven days old cell free Culture filtrate were 
Bio assay and characterization of active compound
The biologically active crude compound was purified by column chromatography using silica G60 and separated by preparative TLC with mixture of six different solvent systems. Bio assay of fractions tested against M.tuberculosis H37Ra under anaerobic condition with Hi media gas pack system by disc diffusion method. The active fraction was subjected to solubility test, pH test, thermal stability and characterized by FTIR, C 13 and H 1 NMR spectrum.
Phylogenetic analysis
Genomic DNA was extracted using spin win method and PCR amplification of active isolate 16S rRNA gene was performed by Maxime PCR PreMix kit (i-Star Taq) protocol. The specific actinomycete primers, F27 (5′-AGAGTTTGATCCTGGCTCAG-3′) and R1492 (5′-GTTACCTTGTTACGACTT-3′) were used to amplify 16S rDNA. The resultant 16S rRNA gene sequences and Phylogenetic tree analysis was performed using the MEGA software version 4.0.
RESULTS AND DISCUSSION
Isolation of rare actinomycetes Studies on conventional method isolation reveal that 85.7% genera were Streptomyces sp and 14.3% belongs to non-Streptomyces group. Totally 14 x 10 6 colonies were obtained by the conventional method. The number of actinomycetes isolated was varied in the sampling areas. High diversity of actinomycetes (5 x 10 6 CFU) was obtained in sample I and a minimum of 2 x 10 6 by sample III by the conventional method (table 1) . In contrast, totally 24 actinomycetes were recovered by sucrose gradient centrifugation of which 12 were Streptomyces sp and 12 were non-streptomyces. Data given in table 2 and 3 indicates sample I and IV were found to be 7 X10 6 CFU producers. Data's of differences in conventional and sucrose gradient centrifugation was represented in figure 1 Sample IV shows maximum non-streptomyces producer followed by sample I and II. Among the collected samples sample III was found to be less significant actinomyces source ( (table 4) . Isolation of rich genera is due to topography, Soil conditions and temperature and vegetation condition of the sampling site. In this investigation, Streptomyces sp was found to be most frequently isolated strain followed by Micromonospora sp. It was observed that heat treatment of sample enhances the recovery of non-streptomyces by preventing unwanted growth of bacterial colonies. Treatment of sample either physical or chemical methods to isolate rare actinomycetes was preferred by many researchers than conventional method (13).
Identification of genera was done by an arrangement of spore and type of mycelium (table  5) and compared with Bergey's manual of determinative bacteriology. The criteria for classification between Streptomycete and nonstreptomycete strains were derived from previous works based on spore and mycelia morphology. Rare actinomycetes were preliminarily selected based on colony morphological examination. In this present study following rare genera such as Micropoloyspora, Actinopolyspora, Intrasporangium and Planomonospora were isolated. Among the wide review, only a few studies reported the occurrence of rare actinomycetes Planomonospora sp have been described in the original publications of Thiemann and coworkers (14) . The occurrence of Intrasporangium sp at high altitude of Kalapatthar mountain (5545 m), Mount Everest region was reported by Gurung et al (15) . These microorganisms are extremely rare, novel and not readily recognized unless they are examined microscopically. Identification of genera of actinomycetes requires morphological properties and various other biochemical properties (16) . Nature of aerial mycelium was considered to be an important character for the grouping and identification of actinomycetes (17) . Frequency and dominance of Streptomyces followed by Micromonospora sp among actinomycetes in various soil types were reported by several workers (18) . Figure 1: Frequency differences in actinomycetes isolation methods 24 isolates PLN I showed prominent activity against test pathogen. In this present investigation maximum zone of inhibition was 22 mm produced by Planomonospora sp against M. smegmatis followed by 20 mm against virulent M. tuberculosis (Table 6 ). TLC fraction showed many fractions with different Rf values among the solvent systems indicating that these fractions could all be different. A maximum number of fractions was collected by using the mixture of ammonia-chloroform-methanol and distilled water (25:24:20:10) . The remaining solvent system showed the least number of fractions which are identical in their Rf value (Table 7) . Bio assay of TLC fractions reveals that Rf value of the active compound was 0.78 (Table 8 ). The antibiotic metabolites from active isolates were characterized by performing thin layer chromatography & bio autography. The compound was soluble in water and the pH was six. The active compound from Planomonospra sp showed 3 different fractions in both solvent system but the Rf value of active fraction was 0.75.The isolated antimycobacterial was stable up to a temperature of 75˚C but were sparingly stable at 100° C.
Extremophiles are known to be useful for biotechnology by possessing a wealth of novel bio resources. They are important for the economy being used in agriculture, chemical synthesis, laundry detergents and pharmaceuticals (19) . Production of Planosporicin another lantibiotic produced by Planomonospora sp. is a 2194 Da polypeptide active against gram positive and gram negative bacteria was reported by Castiglione et al. (20) . There was an inverse effect for acriflavine dye on the grown colonies number of Planomonospora sp at 25 µg/ml dye concentration was chosen as the best concentration because it led to colonies killing by 90% and showed morphological differences. The morphologically different Planomonospora sp was failed to act against MDR M. tuberculosis which confirms the loss of plasmid affects antibiotic synthesis. Table 9 reveals the spectrum of characterized compound. The FTIR spectrum of the title compound shows a broad band at 3426 cm-1 due to OH stretching vibration. A Sharp band at 3030 cm-1 aromatic C-H stretching vibrations was observed. A band at 804 cm-1 is due to the presence of ortho substitution in the phenyl ring (Fig 3) . A band at 2925 cm-1 reveals the presence of aliphatic C-H stretching. The C-H bending frequency is observed at 1268 cm-1. The C=C stretching appears at 1646 cm-1. Two absorption bands at 1454 cm-1 and 1389 cm-1 due to C::::C unsymmetrical stretching frequency and C-C stretching vibration respectively. The proton nuclear magnetic resonance (H 1 NMR) spectrum of the isolated active compound appears to evidence two identical sets of aromatic protons, which were observed as multiplets at 7.35, 7.48 and 7.86 ppm, which is indicative of a para substituted aromatic structure (Fig. 4) . The multiplet centered at 4.319-4.364 ppm is indicative of benzylic protons. The aliphatic protons appearing at 0.99, 1.24, 1.41, 1.54 ppm were assigned to the rest of the aliphatic chain. OH, proton of aliphatic alcohol appears at δ 1.9. =CH2 proton appears as a doublet at δ 5.162. The one proton of CH= appears as triple at δ 4.139. C5-H proton of phenyl moiety appears as a triplet at δ 7.35. Proton nuclear magnetic resonance ( 1 H-NMR) mainly indicated the presence of a disubstituted benzene ring with two aliphatic side chains.
Characterization of active compound
The C 13 NMR study reveals that the peak between 28 to 33 denotes the presence of R3CH belongs to alkyl carbon and the peak 114 -128 denotes the presence of carbon in an aromatic ring or alkene carbon (Fig 5) .The spectrum of C 13 reveals the presence of alkyl carbon with a hetero group which was reported earlier by Moustafa et al., (21) . The spectral information of the compound was searched in different databases like SciFinder, Beilstein and Antibase (22) and hints were observed in the above databases indicated that compounds are an unknown compound which was not earlier reported from actinobacteria's.
Characterization of active strain
Production of sporangia spore on aerial mycelium was observed in active strain (Fig 6) . Figure 7 shows the Fast Minimum Evolution of 16s rDNA of Planomonospora isolate. The phylogenetic tree of active isolate revealed that it is closely related to Planomonospora alba (99 % identity) rather than to Planomonospora sphaerica by a distance of 0.75 (similarity matrix is 98%). In the present work, the antimicrobial substance produced by novel isolate Planomonospora alba was screened in the present study were found to be highly potent showing good antimycobacterial activity. Due to some confinement, no new drugs except rifabutin and rifapentine have been marketed for TB during the 40 years after the release of rifampicin (23) . The global resurgence of TB and the rapid emergence of MDR-TB and its epidemiology reported by WHO have motivated the research of novel anti-tubercular agents and a lot of top researchers in various fields are doing their best to investigate novel compounds with antitubercular activity (24) . This paper's research has provided shreds of evidence that the antibiotic produced by the newly isolated P. alba has potent anti-tubercular activity. Secretary products of actinomycetes of rare ecosystems are meant to antagonistic to test pathogens are likely to be novel anti-mycobacterial compounds as they new to human pathogens. Analysis of 16S rDNA and the repetitive extragenic palindromic (REP)-PCR fingerprinting technique (25) have been suggested for characterization and classification of environmental actinomycetes. In recent years, with the progress in direct 16S rDNA sequencing techniques and the establishment of publicdomain data bases, 16S rDNA sequence comparison has been used successfully for simple identification at the genus or species level in ecological studies of actinomycetes (26) .
CONCLUSION
Sample collected at manlali from 2050 m altitude shown a rich source of rare actinomycetes and likely to be novel antimycobacterial producer.
